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Abstract 

We study the low temperature magnetoresistance of dirty thin films and quantum wires close to a quantum phase 
transition from a superconducting to normal state, induced by applying a parallel magnetic field. We find that the 
different corrections (Aslamazov-Larkin, density of states and Maki- Thompson) to the normal state conductivity, 
coming from the superconducting pair fluctuations, are of the same order at zero temperature. There are three 
regimes at finite temperatures. In the "quantum" regime, which essentially shows a zero-temperature-like behavior 
we find a negative magnetoresistance. Since in the "classical" regime the correction is positive, we predict a non- 
monotonic magnetoresistance at higher temperatures. 
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There is a flourishing interest in the physics of 
quantum phase transitions. The realization of quan- 
tum critical point (QCP) in dirty superconducting 
nanowires[l] and thin films[2,3] tuned by applying a 
magnetic field furnishes a possibility of a complete 
experimental exploration as well as a systematic theo- 
retical study. Close to the QCP, important correction 
to the conductivity comes from the superconduct- 
ing pairing fluctuations [4], especially in samples of 
reduced dimensions. 

We consider a thin wire (or thin film) of diameter d 
(or thickness t for the film) much smaller than the su- 
perconducting coherence length £ to which a magnetic 
field H is applied along the wire (or parallel to the 
film). For the dirty case we are considering, the effect 
of a magnetic field is similar to the effect of paramag- 
netic impurities [5] and given by a scalar (orbital) pair- 
breaking parameter a = D(eHd/2c) 2 / '4 for wire and 
D(eHt/c) 2 /6 for film, D being the diffusion coefficient. 

We have carried out a systematic investigation [6] 



of fluctuation corrections to the normal state con- 
ductivity by evaluating a standard set of diagrams [4] 
constituting the positive "Aslamazov-Larkin" (AL) 
type of contribution that comes from the charge trans- 
fer via fluctuating Cooper pairs, the negative "density 
of states" (DOS) part resulting from the reduction 
of the normal single-electron density of states at the 
Fermi level and the more indirect "Maki-Thompson" 
(MT) interference contribution. Note that the time- 
dependent Ginzburg-Landau analysis adapted in Refs. 
[7], accounts only for the AL part, but misses the 
zero-temperature contribution. 

At zero temperature, where the correction comes 
purely from quantum fluctuations, we find that AL, 
DOS and MT contributions are all of the same order. 
The MT correction which has no prescribed sign turns 
out to be negative and the total correction to the con- 
ductivity is also negative. In Fig. 2 we show plots of 
the dimensionless correction <5<to obtained by dividing 
with e 2 v/ ' D/otco for wire and with e 2 for film. When 
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Fig. 1. Phase diagram of a superconducting quantum wire 
(thin film) in a parallel magnetic field (parameterized by a). 

the correction is expanded around the QCP one gets 
5ao(a) — Sao(a = a c o) + b(a — a c o)/a c o (where 6 = 
0.386 and b = 0.070 for a wire and film). 

At finite temperatures we find three distinct regimes 
in the vicinity of the QCP that show qualitatively dif- 
ferent behaviors as illustrated in Fig. 1. There is a "clas- 
sical" regime for T > a — a c (T), where the leading 
correction (which comes from the AL part), 
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one finds a "quantum" regime in which the behav- 
ior crosses over to an essentially zero-temperature- like 
behavior which is not singular and almost temperature 
independent with the fluctuation correction dominated 
by Sao. In between there is an "intermediate" regime 
for a — ct c > T > To (a) where 
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film. 



Finally we turn to the discussion of magnetoresis- 
tance which is of current experimental interest [2,3]. 
Negative correction to the conductivity means that 
pairing fluctuations in fact increase the resistance. And 
since the strength of the fluctuations correction has to 
decrease as one moves away from the critical point, it 
means that one would see a drop of resistance in mov- 
ing away from the superconducting QCP by increasing 
the field. Our theory thus predicts a negative magne- 
toresistance at zero temperature. Note that a negative 




Fig. 2. Dimcnsionless zero temperature fluctuation conduc- 
tivity correction as a function of depairing parameter a. Inset 
shows dependence of the resistivity on the magnetic field for 
temperatures T/a c Q — 0.01 (upper curves) and T/a c o — 0.1 
(lower curves). Resistivity is normalized to the high field resis- 
tivity Rq while the magnetic field is normalized to the critical 
field H c0 at T = 0. 

magnetoresistance was found also in granular super- 
conductors and in thin films in perpendicular magnetic 
field [8] . Since in the quantum region the correction to 
conductivity is negative whereas in the classical and 
intermediate region it is positive, we further predict a 
non-monotonic behavior of the resistivity as a function 
of the magnetic field at finite temperature (see inset 
of Fig. 2). Such behavior was indeed observed in ex- 
periments on amorphous thin films [2], while for quan- 
tum wires, to the best of our knowledge, it was not re- 
ported yet. For detailed comparison, the weak localiza- 
tion and Altshuler-Aronov corrections [9] must be sub- 
tracted from the experimental data. 
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